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To characterize the immunological effects of intermittent IL-2 therapy, which leads to selec-

tive increases in CD4* T lymphocytes in HIV-infected patients, 11 patients underwent exten-

sive immunological evaluation. While IL-2 induced changes in both CD4* and CD8* cell num-

ber acutely, only CD4* cells showed sustained increases following discontinuation of IL-2.

Transient increases in expression of the activation markers CD38 and HLA-DR were seen on

both CD4* and CD8" cells, but CD25 (o chain of the IL-2 receptor) increased exclusively on

CD4" cells. This increase in CD25 expression was sustained for months following discontin-

uation of IL-2, and was seen in naive as well as memory cells. IL-2 induced cell proliferation,

but tachyphylaxis to these proliferative effects developed after 1 week despite continued

IL-2 administration. It thus appears that sustained CD25 expression selectively on CD4*

cells is a critical component of the immunological response to IL-2, and that intermittent

administration of IL-2 is necessary to overcome the tachyphylaxis to IL-2-induced prolifera-

tion. Received 18/9/00
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1 Introduction

The immunodeficiency of HIV infection is a complex
interplay between the HIV-mediated destruction of CD4*
T cells and the capacity of the immune system to regen-
erate and maintain itself. Intermittent interleukin-2 (IL-2)
therapy has been shown to shift the balance in many
patients to favor CD4" cell expansion. Controlled trials
have shown that intermittent administration of IL-2 (ori-
ginally called T cell growth factor [1]) at doses of
3x10%-18x10° IU/day for 5 days by continuous intrave-
nous or subcutaneous administration every 2 months
can result in substantial CD4* count increases, and that
these increases can be sustained for over 5 years [2-5].
While daily administration of IL-2 leads to expansion of
natural killer (NK) cells, it is the use of this cytokine in an
intermittent fashion that leads to sustained increases in

1 21448]
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the CD4" T cell pool [2, 6, 7]. This expansion is selective
for CD4* cells. CD8* T cell and NK cell number are not
affected.

To better understand the effects of IL-2 in HIV-infected
patients, the current study was undertaken to examine in
detail the immunological changes that occur during and
after IL-2 therapy, and to attempt to delineate the mech-
anisms underlying the profound increases in CD4* T lym-
phocyte count seen with this approach.

2 Results

Eleven male patients (mean age 35 years; range
31-42 years) enrolled in the study, throughout which they
received anti-retroviral therapy (limited to zidovudine,
didanosine, zalcitabine, or stavudine when the study was
conducted) either alone (two patients) or in two drug
combination regimens, and received three to six cycles
of IL-2; three patients came off study after three cycles
because their CD4* counts did not demonstrate a sus-
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tained increase, as previously reported [8]. Eight patients
remain on study and continue to receive IL-2 periodically
as needed to maintain CD4* count increases at approxi-
mately double the baseline values (Fig. 1).

Table 1 summarizes immunological data prior to begin-
ning therapy, after three cycles of IL-2 (approximately
6 months, for all 11 patients) and after 1 year (for the 8
patients who remained on study). These results, which
describe the effects of 1 year of intermittent IL-2 therapy
in this cohort, are similar to our previous observations
[2-5]. Most noteworthy are the changes in CD4" cells,
with a marked increase in both CD4* number and per-
cent. This was associated with a profound increase in
CD4*/CD25* cells, from 11% to 43% of total CD4* cells
(2.3% and 16.5% of total lymphocytes, respectively).
There was an increase in both naive (CD45RO") and
memory (CD45R0O*) CD4* cells, with an increase in the
naive:memory ratio during the study. While there was a
drop in the CD8" percent, CD8" cell number remained
unchanged. Monocytes (CD14"), B cells (CD19*) and NK
cells (CD16*/CD56") remained largely unchanged during
the year.

Changes in CD4* and CD8" number and percent during
the first cycle of IL-2 are shown in Fig. 2A. During this
cycle, six patients received the scheduled 5 days of IL-2,
and the remaining five discontinued therapy during the
5th day due to side effects, primarily constitutional
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Fig. 1. Mean CD4* and CD8* cell number for eight respond-
ing patients receiving intermittent IL-2, initially every
2 months, and subsequently less frequently as needed to
maintain the CD4* count increase. In the 44 months after the
initial year of study, one patient maintained his CD4* count
increase without additional IL-2. The remaining seven
patients received an average of seven cycles (range 2-10);
during this time, the mean interval between cycles per
patient ranged from 3.5 to 16 months (mean 7.3 months),
and the mean dose per cycle was 32x10° IU. Month 0 repre-
sents the time when the first IL-2 cycle was administered.
Error bars indicate the standard error for each value.
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symptoms. Immediately after starting a cycle of IL-2, a
rapid decline in the absolute number of both CD4* and
CD8* cells in the periphery was seen, with a gradual
increase during the last 2 days of the infusion. Following
discontinuation of IL-2, there was an immediate and
marked increase in both cell populations, which grad-
ually returned towards baseline over the following
2 months. However, whereas the CD8" cell number
returned to baseline, and did not increase following sub-
sequent cycles, the CD4* count remained above base-
line values 2 months later. For the group as a whole, the
CD4* count was 39% above baseline (543 cells/mm?® vs.
390 cells/mm? at baseline, p=0.057) immediately before
beginning cycle 2. The CD4* percent also remained
above baseline (25% vs. 21%. p=0.002).

IL-2 therapy was associated not only with changes in the
number of lymphocytes, but also with changes in the
expression of several markers of activation, including
CD25 (o chain of the IL-2 receptor), HLA-DR, and CD38
(Fig. 2B, C). At the end of the IL-2 infusion, and espe-
cially during the subsequent 5 days, there was an
increase in the number (baseline, 42 cells/mm?® increas-
ing to 613 cells/mm?® at day 6) as well as percent (base-
line, 2% increasing to 11% at day 6) of CD4" cells
expressing CD25; CD25 expression on CD4* cells
remained substantially above baseline values until the
next IL-2 cycle [120 cells/mm?® (p=0.031), 6% (p=0.004)]
(Fig. 2B). In contrast, CD8" cells did not show a similar
increase in percent CD25 expression during or after an
IL-2 cycle, although the absolute number of cells
expressing CD25 did increase transiently after IL-2 was
discontinued (Fig. 2C). It is likely that this differential
expression of CD25 plays a role in the selective increase
induced by intermittent IL-2 therapy in CD4* compared
to CD8' T cells.

Similarly, the number and percent of CD4"* cells express-
ing HLA DR and CD38 also increased during and imme-
diately after a cycle of IL-2, but unlike for CD25, the val-
ues returned to near baseline values by the next IL-2
cycle (Fig.2B). CD8" cells also showed a marked
increase in both number and percent of cells expressing
these markers, but these values had also returned to
baseline by the next cycle (Fig. 2C).

CD4*/CD45RO" isoform expression was examined to
determine the impact of IL-2 on naive (CD45R0O-) and
memory (CD45R0O") cells (Fig. 2D). During the first cycle,
there was an initial increase in the ratio of naive to mem-
ory cells, presumably resulting from a greater clearance
of CD4*/CD45RQO" cells from the periphery. By day 4,
however, the ratio had declined below baseline levels as
CD45R0O" cells began to return to the periphery. Immedi-
ately following discontinuation of IL-2, the CD4" cells
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Table 1. Comparison of immunological parameters prior to and after 6 or 12 months of IL-2*

Month 6 Comparison (n=11) Month 12 Comparison (n=8) HIV-
Parameter negative

Controls®

Pre-IL-2 Post 3 cycles p value Pre-IL-2  Post 6 cycles p value

CD4 % 201 (x2.1) 32(4.9) 0003 218 (:2.4) 382 (x4.0) <0.001 475 (+0.5)
CD4 no. 371 (+51) 803 (x208) 0.026 427 (+59) 991 (+148)  0.001 903 (+20)
CD4/CD25 % 2.3(x0.3) 108 (x2.4) 0004 23 (+0.3) 165(«3.2) 0.004 15 (z0.3)
CD4/CD25 no. 40 (+4) 269 (x79)  0.013 43 (+5) 412(+75)  0.002 238 (+8)

CD4/DR % 4.4 (+0.5) 4.1 (x0.5) NS®  4.0(x03) 3.7 (0.4) NS 4.1 (=0.1)
CD4/DR no. 77 (+8) 84 (x11) NS 79 (x9) 97 (+18) NS 76 (+2)

CD4/CD38 % 132 (x1.2) 152(«1.6) 002 13.8(1.4) 166(x1.3) NS 29.1 (z0.5)
CD4/CD38 no. 236 (+25) 338 (+63)  0.033 263 (+30) 418(x48)  0.001 554 (+15)

CD4/CD45RA % 6.7 (x1.2) 14.4(x36) 0012 7.6(x1.4) 163 (x32) 0.005 18.1 (x0.5)
CD4/CD45RA no. 122 (x27) 383 (+138)  0.048 148 (+33) 444 (x122)  0.019 349 (x12)
CD4/CD45RO % 14 (+1.1)  17(x1.8) 0004 144 (x1.3) 21(3.0)  0.028 29.1 (+0.4)

CD4/CD45RO no. 251 (x29) 400 (+78) 0.02 282 (+234) 523 (+66)  0.001 550 (+13)

CD8 % 587 (+2.8) 48.3 (x4.4) 0003 55.8 (+3.2) 459 (+3.7)  0.001 24.7 (x0.5)
CD8 no. 1099 (+125) 1058 (x144) NS 1115 (x1521187 (+179) NS 463 (+12)
CD8/CD25 % 0.6 (+0.1) 1.6(x02)  0.001 05(0.1) 2.9(0.6) 0006 1.5 (z0.1)
CD8/CD25 no. 12(22) 34 (£5) 0.001 11(x3) 75(x20)  0.009 27 (1)
CDS/DR % 23.4 (+3.5) 16.5(+25) 0006 23.3(x3.1) 19(x3.7) 0032 4.9 (x0.2)
CD8/DR no. 445 (+82) 353 (+77) NS 488 (x105) 517 (+141) NS 92 (+4)
CD8/CD38 % 44.4 (+34) 34.4(x43) 0001  39.8 (+3.3) 30.6 (+3.8) <0.001 12.5 (x0.3)
CD8/CD38 no. 807 (+88) 706 (+100) NS  773(:98) 781(x136) NS 235 (x7)
CD14 no. 351 (£38) 295 (+24) NS 351 (+52) 302 (x22) NS 406 (+10)
CD19 no. 211 (z51) 211 (£46) NS 239 (+68) 236 (x46) NS 245 («8)
CD16/CD56 no. 120 (15) 116 (+19) NS 131 (£18) 121 (222) NS 229 (+7)

2 Results represent the mean (xSE) of 3 pre-IL-2 values and 2 post IL-2 values. Values represent number
of cells/mm? (no.) or percent of total lymphocytes (%).
*Mean (+SE) values for 229 to 238 HIV negative adults

¢ NS, not significant
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Fig. 2. Changes in lymphocyte subpopulations during and immediately after the first cycle of IL-2. Values represent the mean for
all 11 patients at each time point. The bar indicates the 5 days during which IL-2 was administered by continuous infusion. (A)
CD4* and CD8* cell number (left) and percent (right); (B) CD4* and (C) CD8* cell number (left) and percent (right) that were also
positive for the activation markers CD25, HLA-DR, and CD38. (D) CD4* naive (CD45R0O") and memory (CD45R0O") cell number
(left) and percent (right). (E) Monocytes (CD14%), B cells (CD19%), and NK cells (CD16*/CD56%) cell number (left) and percent (right).
Percentages represent the percent of total lymphocytes, except for CD14*, which represents the percent of lymphocytes plus

monocytes.

appearing in the periphery were primarily CD45RO".
Both populations gradually declined over the next
2 months, but remained above baseline values immedi-

ately prior to the next IL-2

cycle. Following 1 year of IL-2

therapy there was an increase in both naive and memory
CD4* T cells with a preferential increase in the naive pool,
such that the ratio of naive to memory CD4" T cells
increased from 0.53 to 0.78.
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During the 5 days of IL-2 administration, monocytes
(CD14"), B cells (CD19%), and NK cells (CD16/CD56") all
declined in number. The decline in monocytes and B
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Fig. 3. Expression of CD25 by naive CD4* cells following
IL-2 therapy. (A) Flow cytometry histograms are shown for
six patients in the current study: three responders to IL-2
and the three non-responders, together with three controls
who were randomized to the no IL-2 arm in a randomized IL-
2 study [3]. Cells were obtained at study enroliment (blue
line) and 5 months (non-responders) or 11 months (respond-
ers and controls) (red line) later. Gating was on naive CD4*/
CD27*/CD45R0O™ lymphocytes. Number of cells is shown
along the y axis, and intensity of staining with CD25 along
the x axis. Frozen PBMC were thawed and processed simul-
taneously for each patient. Responders demonstrated a
substantial increase in CD25 expression by naive cells that
is seen to a lesser extent in non-responders, and is not seen
in the controls. The results for the responders is representa-
tive of results in the other responders; similar results were
seen at 5 months. (B) Flow cytometry profiles for four
patients participating in ongoing IL-2 trials. The most recent
IL-2 cycle was administered 48, 15, 4 and 1 month previ-
ously, respectively. Gating was on CD3*/CD4" cells. The top
set of flow profiles demonstrates that the majority (58-95%)
of CD4*/CD45RA* cells also express CD25 in all four
patients. The bottom panels demonstrate that greater than
95 % of the CD45RA" cells are also CD62L" naive cells.
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cells was relatively less than for NK cells (Fig. 2E). Fol-
lowing discontinuation of IL-2, monocytes and B cells
rapidly returned to baseline levels, while NK cells
showed an increase similar to that seen with T cells,
before returning to baseline.

Given that IL-2 therapy induced a long-term increase in
both naive CD4" cells and CD4*/CD25" cells, expression
of CD25 by naive cells was examined using frozen cells
from the 11 patients as well as using fresh cells from
4 additional patients with CD4* count increases in
response to IL-2 therapy administered as part of other
ongoing IL-2 trials at the NIH. As shown in Fig. 3, there
was marked up-regulation of CD25 expression by naive
CD4 cells in both populations.

One of the most potent activities of IL-2 is the induction
of T cell proliferation. To assess the impact of IL-2 on
lymphocyte proliferation in vivo, levels of [*H]thymidine
incorporation (an indicator of DNA synthesis) were
measured following a 4-h in vitro pulse of freshly iso-
lated, unstimulated peripheral blood mononuclear cells
(PBMC). The level of incorporation of [*H]thymidine cor-
related well with the proportion of PBMC in S-phase as
determined by cell cycle analysis using propidium iodide
(r=0.97, p<<0.001; Fig. 4A), and thus is a reliable marker
of cell proliferation in vivo. During a 21-day infusion of
IL-2 into patients receiving zidovudine alone as anti-
retroviral therapy, levels of [*H]thymidine incorporation
peaked at 7 days in a dose-dependent fashion, with lev-
els returning to baseline by 14-21 days (Fig. 4B). This
transient increase in proliferation was seen despite the
fact that the rate of IL-2 administration was constant
over the 21-day period. CD4* counts similarly showed a
transient increase that also peaked at day 7 in the high-
est dose group (Fig. 4B).

To examine proliferation in specific subpopulations,
spontaneous ex vivo incorporation of bromodeoxyuri-
dine (BrdU) by CD4* and CD8" cells during a 4-h incuba-
tion with fresh, unstimulated PBMC was examined prior
to and 4-6 days after the start of an IL-2 cycle in 18
patients participating in ongoing IL-2 trials, all of whom
were receiving combination anti-retroviral regimens that
included a protease inhibitor. Both populations of cells
showed a significant increase in BrdU incorporation in
the setting of IL-2 therapy, with the mean incorporation
increasing 14.5-fold for CD4" cells (0.16 to 2.32%,
p<0.001) and 27-fold for CD8* cells (0.07 to 1.90%,
p=0.005) (Fig. 4C).

To determine if the apparent tachyphylaxis to IL-2-
induced proliferation seen during the 21-day infusions
was at the level of the cell, cells obtained at day 21 from
patients receiving IL-2 for 21 days were incubated
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A <« Fig. 4. (A) Proliferation of peripheral blood mononuclear
6 plbz [T ] T —cencyae 1] %% cells as measured simultaneously by propidium iodide
staining, to determine the percent of cells in S-phase
(cell cycle), and [*H]thymidine incorporation (prolifera-
tion) for six patients receiving a continuous infusion of IL-
2. The bar indicates the period during which IL-2 was
administered. (B) Mean spontaneous proliferation (top)
and CD4" cell number (bottom) during 21-day IL-2 infu-
sions. Each line plots the mean values for 3-5 patients
per dosing group. Doses of 1.8x10°-18x10° IU/day were
- 0 5 4 5 8 10 12 administered by continuous infusion. There is a dose-
Days dependent increase in both spontaneous proliferation,

as measured by [*H]thymidine incorporation, and CD4*

aoo0 ¢ MELL T counts, that peaks at week 1 and then declines despite
ss00 F S continued administration of a constant dose of IL-2. Bar
3000 ilimﬁ indicates the period during which IL-2 was administered.
(C) IL-2 induced changes in spontaneous proliferation of

CD4* cells (left panel) and CD8 cells (right panel), as

measured by ex vivo BrdU incorporation. Whole blood

samples obtained from 18 patients prior to and 4-6 days

after starting an IL-2 cycle were incubated for 4 h with

10 uM BrdU, following which samples were processed

. ) \ s ; » for flow cytometry. Each line represents results for a sin-
Weeks gle patient, with the mean value for the group at each

time-point indicated by the bar and percentage value.
There was a mean 14.5- and 27-fold increase in BrdU
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CD4 Cells 12| cDs cells following the initiation of the infusion, and then declined
from a peak of 93 U/ml to 21 U/ml at day 5, despite a
constant rate of infusion of IL-2. This was seen in associ-
ation with an increase in serum levels of CD25. Following
the discontinuation of IL-2, these parameters returned to
baseline and could again be perturbed 8 weeks later
with the next 5-day cycle of IL-2.
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3 Discussion

Day 0 Day 4-6 Day 0 Day 4-6

Through a detailed analysis of the immunological
changes associated with IL-2 therapy, this study has
provided insights into the mechanisms that may be
responsible for the CD4* count increases that are seen
with intermittent IL-2 therapy [2-5]. IL-2 induces prolifer-
ation of lymphocytes, as demonstrated by increased



Eur. J. Immunol. 2001. 37: 1351-1360

= 3,000
=
8
< 2500 |
=
S
T
£ 2,000
e
8
g 1500
2
5 1,000 [
E
>
[ 500 |
k)
= 0
° 1 3 10 30 100
IL-2 Concentration (U/ml)
100,000 | o ——
= 10,000 |
s &
3 A
& =g
= £ 1,000 3
c o Is/ -
g3
5 9 100} [p—— i
T & —+—Soluble CD25
a : 10 | \ —=—Proliferation
1E ocoo 2

-5 0 5 10 15 20 25 30 35
Days

Fig. 5. (A) In vitro IL-2-induced proliferation, as measured by
[PH]thymidine incorporation, using cells obtained at day 21
of a 21-day cycle of IL-2. Frozen cells were thawed and
incubated for 48 h with IL-2 at the concentration indicated at
the bottom. Results represent the mean for five patients,
three of whom received 12x10°1U/day, and two that
received 18x10°IU/day. There was a dose-dependent
increase in proliferation, indicating that despite the recent in
vivo exposure to IL-2, there was no inherent tachyphylaxis of
these cells to the proliferative effects of IL-2. (B) Temporal
relationship between proliferation of peripheral blood mono-
nuclear cells as measured by [*H]thymidine incorporation
(proliferation) and changes in serum levels of IL-2 and solu-
ble CD25 (alpha chain of the IL-2 receptor). As the serum
IL-2 receptor levels increase, there is a concomitant de-
crease in IL-2 levels despite the continued administration of
a constant dose of IL-2.

spontaneous blast transformation, cell cycle analysis,
and BrdU incorporation. Thus, the simplest interpreta-
tion of the observed immunological changes is that IL-2
is acting as an in vivo T cell growth factor [9].

Acutely, IL-2 affects both CD4* and CD8" cells, inducing
not only proliferation, but also expression of activation
markers such as HLA-DR and CD38, as well as changes
in trafficking, as evidenced by the rapid fluxes of both
populations during and immediately after discontinua-
tion of IL-2. However, long-term effects on cell number
are limited to the CD4" population [3, 5], and thus the
proliferative effects alone cannot explain the sustained
increase in CD4" cell number. This specificity may be a
result of the differential induction by IL-2 of CD25, which
as shown in this study is limited largely to CD4" cells, and
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to the continued expression of CD25 by CD4* cells,
including naive CD4" cells, long after IL-2 has been dis-
continued. This ongoing expression can potentially
maintain the CD4" increases through a number of mech-
anisms. CD25 expression may result in decreased rates
of apoptosis and consequent prolonged survival in
response to endogenously produced IL-2 [10]. Alterna-
tively, cells that are expressing CD25 may be induced to
proliferate by low levels of endogenously produced IL-2
or may have increased responsiveness to subsequent
cycles of exogenously administered IL-2, since lower
doses of IL-2 administered during subsequent cycles as
maintenance therapy are often sufficient to maintain IL-2
receptor expression and CD4" cell expansion. However,
preliminary in vitro studies examining the proliferative
responses of these cells after 1 year of intermittent IL-2
therapy suggest that CD4*/CD25* cells are less, not
more, responsive to IL-2, suggesting that increased pro-
liferation is not the driving mechanism to maintenance
of these cells (data not shown). Similarly, a recent study
has shown that decreased apoptosis, together with
increased differentiation from bone-marrow progenitors,
rather than increased proliferation of mature cells, is the
mechanism accounting for the increase in NK cells that
occurs with daily low-dose IL-2 therapy [11].

An early phase of this study demonstrated tachyphylaxis
to the proliferative effects of IL-2 during 21 days of con-
tinuous infusion. Proliferation as measured by spontane-
ous blast transformation peaked at 1 week and then
returned to baseline levels despite continued administra-
tion of IL-2 (Fig. 4B). However, the cells remained
responsive to IL-2 in vitro, demonstrating that the cells
were not inherently resistant to the effects of IL-2. In a
more detailed study, declines in IL-2 induced prolifera-
tion were seen at days 6-8 of ongoing IL-2 therapy [11 a].
These data suggest that in vivo a rest period is necessary
before stimulated cells will regain susceptibility to the
proliferative effects of IL-2. Subsequent studies limited
the duration of IL-2 administration to 5 days based in
part on these data. During 5-day infusions at a constant
rate, there is a substantial decline in serum IL-2 levels.
An up-regulation of membrane bound CD25, as docu-
mented by flow cytometry, may account for this increase
in IL-2 metabolism via increased receptor-mediated
endocytosis, resulting in a decline in IL-2 levels and the
observed tachyphylaxis. In support of this is the previ-
ously reported inverse correlation between serum levels
of IL-2 and serum levels of soluble CD25, which has pre-
sumably been shed by activated cells expressing this
receptor [12].

IL-2 therapy resulted in long-term expansion of both
CD4*/CD45RO*  (memory) and  CD4'/CD45RO™
(CD45RA", naive) cells, with a preferential expansion of
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naive cells, as we and others have previously reported
[13, 14]. During and immediately after a cycle, however,
the bulk of cells take on the activated memory pheno-
type (CD45R0O*), which is then rapidly lost, either by
recirculation out of the periphery, by reversion from the
CD45R0O" to CD45R0O™ phenotype, or by apoptosis. It is
noteworthy that, in vitro, CD4*/CD45RA* cells can be
stimulated to grow and maintain the naive phenotype in
a milieu of cytokines that includes IL-2, TNF-a and IL-6,
which is the cytokine milieu that occurs in vivo in patients
receiving IL-2 [15]. The naive CD4* cells that have
expanded in vivo during IL-2 therapy have a unique phe-
notype, in that a high proportion of them are also
expressing CD25, which is usually expressed on acti-
vated memory cells. These cells appear to be different
from the recently described CD4'/CD25* suppressor
cells that appear to play a role in preventing organ-
specific autoimmune disease, in that the latter cells are
primarily of the memory phenotype [16].

Like other lymphocytes, NK cells decreased during IL-2
therapy and then increased immediately following dis-
continuation of IL-2; however, they did not show any
long-term increase in number in this or prior studies
using intermittent administration of IL-2. This contrasts
to studies in which lower doses of IL-2 are given subcu-
taneously on a daily basis for many weeks [6, 7]. In the
latter studies, there is a significant increase in NK cell
number that is maintained while IL-2 is administered,
although CD4* cell numbers remain largely unaffected.
Since intermittent subcutaneously administered IL-2 has
immunological effects similar to intermittent intravenous
IL-2 [4], it appears that the primary factor in determining
which cell population increases is whether therapy is
continuous or intermittent. Based on the available data,
therapeutic strategies targeting increases in NK cells
should utilize daily administration of IL-2, while strate-
gies targeting CD4* cell number increases should utilize
intermittent regimens.

This study has provided further insights into the complex
cascade of events that are initiated by the administration
of IL-2 to HIV-infected patients. Further characterization
of these events should help our understanding of the
mechanism of action of IL-2 both in HIV-infected
patients and in other immunodeficient populations, and
may lead to interventions that decrease IL-2-related tox-
icities or supplement efficacy. Studies addressing these
issues, which will help define the role of IL-2 in the man-
agement of HIV infection, are currently underway.

Eur. J. Immunol. 2001. 37: 1351-1360

4 Materials and methods

4.1 Patients

The primary study enrolled 11 patients with HIV infection
and CD4" counts above 200 cells/mm® who had never
received IL-2, had no history of a prior AIDS-defining oppor-
tunistic infection, and had received no corticosteroids, cyto-
toxic chemotherapy, or experimental therapy in the prior
4 weeks. The study was designed to obtain frequent mea-
surements of immunological and virological parameters in
the context of repeat 5-day infusions of IL-2. Virological and
limited immunological changes seen in this cohort are being
reported separately [8]. Fifteen patients meeting the same
eligibility criteria were enrolled in an earlier phase of the
study designed to obtain immunological information during
a 21-day infusion of IL-2 at four dose levels; tolerability of
IL-2 by this group has been briefly reported previously [2].
All studies were approved by the NIAID institutional review
board, and all patients provided written informed consent.

4.2 IL-2 and anti-retroviral drug administration

IL-2 (Chiron Corp. Emeryville, CA) was diluted in 5% dex-
trose in water containing 0.1% albumin and administered as
previously described by continuous infusion at a starting
dose of 18x10°1U/d for 5 days, with dose reductions of
3x10°-6x10° IU/day as needed for clinical or laboratory tox-
icities, which were similar to those reported in prior studies
[2-5, 8]. The average dose received during the first year of
the study was 46x10° U per 5-day cycle. IL-2 cycles were
administered approximately every other month for 1 year.

All patients received approved anti-retroviral drugs, which
could be changed during the course of the study. The spe-
cific regimen was determined by the patient and referring
physician with input from the study team.

4.3 Assessment

Immune parameters were evaluated daily for 10 days after
beginning each IL-2 cycle, and at monthly follow-up visits.
Determination of lymphocyte subsets and surface markers
was performed as previously described [13, 17]. For distin-
guishing naive and memory cells, cells were stained with
anti-CD45R0; memory cells were defined as RO positive,
and naive as RO negative. In examining CD25 expression by
naive and memory cells, antibodies to CD45RA and CD62L
(fresh cells) or CD45R0O and CD27 (frozen cells) were used to
identify naive cells [18, 19]. Spontaneous blast transforma-
tion was performed as previously described [20]. Cell cycle
determinations were performed using the Cellular DNA Flow
Cytometric Analysis Reagent Set (Boehringer Mannheim,
Indianapolis, IN) according to the manufacturer’s instruc-
tions, and analyzed using the Multicycle AV program (Phoe-
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nix Flow Systems, San Diego, CA). Ex vivo labeling of lym-
phocytes with BrdU (Sigma, St. Louis, MO) was used to
examine the effects of IL-2 on the proliferation of lympho-
cyte subsets. Samples were obtained immediately prior to
and on day 4-6 after starting IL-2 from a cohort of patients
receiving 5-day cycles of intravenous or subcutaneous IL-2
as part of ongoing IL-2 trials. Whole blood was incubated for
4 h at 37°C with 10 uM BrdU, following which cells were pro-
cessed for flow cytometry using antibodies to CD3, CD4,
CD8, and BrdU as previously described [21].

4.4 Statistics

Pre- and post-IL-2 values were compared using a paired,
two sided Student’s t-test (SPSS version 6.1 for the Macin-
tosh, SPSS, Inc. Chicago, IL). p values (two-sided) less than
0.05 were considered significant.
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